We examined the properties of the mouse serum lipoprotein responsible for specific neutralization of the endogenous mouse xenotropic (X-tropic) type C retrovirus. The anti-X-tropic virus activity of the mouse lipoprotein neutralizing factor (NF) could not be blocked by sugars or lectins. Moreover, neutralization did not involve rupture of the virion core. Sucrose density gradient analysis of X-tropic virus mixed with various lipoprotein preparations demonstrated that the binding of complete virions to NF is associated with the neutralization.
Two major classes of endogenous mouse type C retroviruses (murine leukaemia viruses, MuLV), ecotropic and xenotropic (X-tropic) have been defined by their host range. The ecotropic viruses preferentially infect mouse cells, whereas X-tropic MuLV can not directly infect host cells but can productively infect a wide range of mammalian and avian cells (Levy, 1973 (Levy, , 1974 . Ecotropic viruses have been associated with malignancies and leukaemia in mice; the role of the X-tropic virus remains unknown.
We have reported the ability of normal mouse serum to neutralize specifically X-tropic MuLV. All strains of X-tropic virus, but not ecotropic MuLV, are susceptible to neutralization by mouse sera (Levy et al., 1975; Leong et al., 1977; Kane et al., 1979) . This effect of mouse sera has also been observed by others (Fischinger et al., 1976; Montelaro et al., 1979) . The virus neutralization does not involve immunoglobulins or complement (Levy et al., 1975; Leong et al., 1977; Kane et al., 1979) . The neutralizing factor (NF) responsible is associated with circulating mouse lipoproteins, particularly the very low density lipoprotein (VLDL) and high density lipoprotein (HDL) classes (Leong et al., 1977; Kane et al., 1979; Levy et al., 1982) . The active moiety appears to be an apolipoprotein (Kane et al., 1979) . Levels of NF can be enhanced by increasing the intake of dietary fat (Levy et al., 1982) . Adsorption studies using concentrated Xtropic MuLV have suggested that binding of NF to the virus is responsible for neutralization (Levy et al., 1975) . We now provide further evidence that the interaction of NF with X-tropic MuLV involves binding of mouse lipoprotein to the intact virus particle.
In studying the nature of the neutralization of X-tropic MuLV by NF, we first examined whether this activity could be blocked by sugars or lectins. These substances have been shown to participate in binding reactions (Sharon & Lis, 1972) . Various concentrations of sugars and lectins (Sigma) were tested for toxicity to cultured mink S÷L -cells used for the detection of Xtropic MuLV (Peebles, 1975) . These same concentrations were tested for any toxic effect on the C57/L X-tropic virus (Arnstein et al., 1974) . Subsequently, the highest non-toxic concentration was used in competitive neutralization assays using (C57BL/6 x C3H/A)F1 [(B6C3)F1] VLDL and virus. The amounts employed were well above those concentrations needed to induce mitogenesis or block lectin binding (Sharon & Lis, 1972 Swiss mice obtained from the Animal Resource Facility of the National Institutes of Health, Bethesda, Md., U.S.A. All (B6C3)F1 mice were fed a high-fat diet for 1 week and blood was collected by cardiac puncture. NFS mice were kept on conventional rodent feed, since high-fat diets given to this strain can induce production of low levels (1 : 10 serum dilution) of NF activity (Levy et al., 1982) . Sera were pooled for each mouse group and stored at 4 °C for subsequent studies. The lipoproteins from the p < 1.006 g/ml fractions were isolated from (B6C3)F~ and NFS mouse sera by layering 1 vol. pooled sera over 2 vol. 0.15 M-NaC1 containing 1 mMtrisodium EDTA and antibiotics, pH 8-6. After ultracentrifugation at 38000 r.p.m, for 18 h in a 40.3 rotor in a Beckman model L ultracentrifuge, the lipid layer was collected and again diluted in the NaCI/EDTA solution and the centrifugation repeated. The lipoproteins in the < 1.006 g/ml fractions were then collected and stored at 4 °C (Kane et al., 1975 (Kane et al., , 1979 . The experiments were conducted by incubating the NF-containing (B6C3)FI VLDL for 30 rain at room temperature with either the sugar or lectin. A dilution of mouse VLDL was used that neutralized virus focus formation by 67 to 75 ~. The X-tropic virus was then added at a concentration of 1 : 2 (v/v) to the mixture for an additional 30 min, and the sample was run in the standard virus neutralization assay, using reduction in focus formation by the C57L X-tropic MuLV in mink S+L -cells (Peebles, 1975) . The amount of virus used was 400 f.f.u. Control samples consisted of mouse VLDL and virus mixed with medium. The results showed that none of the substances listed (Table 1) affected the antivjral activity of NF. Similar to the results with the control samples, focus formation was reduced by at least 67~.
We next examined whether NF neutralizes X-tropic MuLV by lysing the virus. Xenotropic MuLV-containing supernatants were collected, filtered (0-45 gm), and pelleted on a 5 ml glycerol cushion in a Beckman SW41 rotor at 40000 r.p.m, for 40 rain at 4 °C. The pelleted virus was mixed with TNE buffer (10 mM-Tris-HC1 pH 8.0, 100 mM-NaC1, 1 mM-EDTA pH 8.0), human chylomicrons (HuChylo), (B6C3)F t VLDL or NFS VLDL. Human chylomicrons were used as a control since this lipoprotein class is rich in lipid and does not neutralize X-tropic MuLV (Levy et al., 1982) . The HuChylo were obtained from the sera of patients with severe mixed hyperlipaemia and separated in the p < 1.006 g/ml fraction (Kane et al., 1979) . The mouse and human lipoproteins used were standardized by protein (Bio-Rad) and phospholipid assays (Stewart & Hendry, 1935; Levy et al., 1982) . Equal quantities of lipoproteins were then used for all the experiments. The mixtures were incubated for 30 min at room temperature and then assayed for the extent of lysis by measuring reverse transcriptase (RT) activity in the supernatant (Hoffman et al., 1985) . The reaction mixture (50 p.1) for the detection of RT activity in X-tropic MuLV contained 50 gM-Tris-HC1 pH 8-3, 5 gM-dithiothreitol, 30 gM-KC1, 0.05 IXMNaCI, 50 gg/ml poly(rA):oligo(dT)~2_~8 and 5.0 ~tM-[3H]TTP (sp.act. 80 Ci/mmol). The percentage of virus rupture was estimated by comparison with RT activity of the virus preparations lysed with NP40 and the untreated virus (TNE buffer control). Duplicate samples were tested for the presence of infectious virus by assaying the fluids for focus formation in mink Effect of anti-X-tropic virus NF on virus density. Filtered virus was pelleted on a 5 ml 20~ glycerol cushion in a Beckman SW41 rotor at 40000 r.p.m, for 40 rain at 4 °C, resuspended in 4 ml of TNE buffer and banded isopycnically on a 7 ml linear 20 to 65~ sucrose density gradient in an SW41 rotor for 12 h at 40000 r.p.m, at 4 °C. Gradients were then collected from the top and fractionated. All fractions were tested for RT activity and refractive indexes were measured every fourth sample for density determination. The peak fractions of RT activity in the 1.13 to 1.16 g/ml region were pelleted and the precipitates were resuspended in 400111 TNE. Subsequently, 100111 of this virus preparation was incubated for 30 min at room temperature with TNE (control), (B6C3)F t VLDL (O), HuChylo (m) or NFS VLDL (©). These samples were run on successive continuous sucrose density gradients. A representative experiment is shown.
Fig. 2. Effect of anti-X-tropic virus NF on [35S]methionine-labelled virus.
Virus was radiolabelled using the following procedure. Mink lung cells chronically infected with the NZB/K-MLc X-tropic virus (Varnier et al., 1984) were grown to near confluence in RPM1 •640 medium, washed and re-fed with the same medium containing 3 ~ dialysed foetal bovine serum and deficient in methionine. After 6 to 8 h, the cells were again washed and re-fed with the amino acid-deficient medium containing 5 ~tCi/ml of [3sS]methionine. Supernatants were collected after 6 to 8 h, filtered, and virus was purified by the procedure described in the legend to Fig. 1 . The labelled virus was then reacted with human (R) or (B6C3)F 1 (O) VLDL and separated on sucrose density gradients as described in Fig. 1 . The human VLDL was obtained and quantified by standard procedures (Kane et al., 1975 (Kane et al., , 1979 Levy et al., 1982) . A representative experiment is shown.
S+L -cells (Peebles, 1975) . The titre of input virus was 107 f.f.u./ml. In addition, after initial incubation, the virus mixtures were subsequently lysed with detergent to measure the amount of intact virions remaining. The results indicated that lysis of the virus occurred only with NP40, and not when X-tropic MuLV was reacted with (B6C3)F 1 VLDL (Table 2 ). However, both the detergent and the NFcontaining (B6Cs)F~ VLDL eliminated infectious virus. As expected, the TNE buffer control and the human and NFS lipoproteins did not lyse the virus, nor did they have an effect on Xtropic MuLV infectivity; the virus still had a titre close to 107 f.f.u./ml. The subsequent NP40 treatment of the mixtures containing virus with TNE buffer, HuChylo, (B6C3)F 1 VLDL, or NFS lipoproteins all showed release of RT activity (data not shown). These latter results confirmed that neutralization of X-tropic MuLV by NF did not involve a rupture of the virion core. However, removal of the envelope from the core could not be ascertained by these experiments.
To analyse whether the virus is completely intact after reacting with NF, we determined whether the density of the X-tropic MuLV changed after mixing with NF. Three sucrose density gradients were run in parallel; they contained X-tropic MuLV mixed with the active (B6C3)F 1 VLDL, HuChylo or NFS VLDL; all the lipoprotein preparations were used in equal quantity. The latter two preparations, as noted above, do not neutralize X-tropic MuLV. All fractions were assayed for RT activity (Fig. 1 ). Virus incubated with the non-reactive lipoproteins (HuChylo and NFS VLDL) banded in the density region of 1.13 to 1.16 g/ml sucrose, as did virus mixed with TNE buffer (results not shown); this region contains intact MuLV. In contrast, the virus incubated with (B6C3)F1 VLDL banded at a lower sucrose density (1-08 g/ml). This shift in density of the virus strongly suggested a binding of the complete virus to the reactive (B6C3)F 1 VLDL. Similar experiments were conducted using a mouse ecotropic MuLV (AKR) that is not sensitive to NF. No effect of any of the lipoprotein preparations was observed; the virus RT was only found in particles banding at a density of 1.14 to 1.16 g/ml (data not shown).
Confirmation of this effect of NF was observed with X-tropic MuLV labelled with [35S]methionine (Fig. 2) . The virus mixed with the non-reactive HuChylo banded at a sucrose density of 1.13 g/ml, whereas virus mixed with the active (B6C3)F1 VLDL had its density peak shifted to 1.03 g/ml. A smaller peak at 1.18 g/ml was also observed sometimes, and probably represented viral cores. These high density particles probably resulted from physical perturbation and removal of the virus envelope during the procedures. A similar shift in virus density to 1-05 g/ml was observed when [3H]leucine-labelled virus was mixed with (B6C3)F 1 VLDL (data not shown).
The results of these studies demonstrate that the mouse lipoprotein fraction showing neutralization of X-tropic MuLV binds specifically to the intact virus as a means of inactivation. The effect does not result in lysing of the virus, and carbohydrates do not appear to mediate the virus neutralization. These observations suggest an interaction of an apolipoprotein (NF) with proteins of the virus that could be reversible, and elucidate further properties of the unusual selective antiviral nature of certain mouse lipoproteins.
